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i
INTRODUCTION

The Chesapeake Bay, with its' unique physical, chemical and
biological characteristics, creates a suitable environment for
numerous fish species. The abundance and distribution of
resident and migratory fish species which utilize the Bay, as
well as the recruitment potential of estuarine-reared oceanic
fish species, are influenced by variables such as climate,
reproductive potential, parasites, disease, natural population
cycles, food availability and suitable habitat. Habitat
degradation (water quality and contaminant) and overh;rvesting of
prized commercial and recreational fish species are the primary
causes of dramatic and prolonged fish stock declines (Wohlfarth,
1986; Setzler-Hamilton, 1987; Speir, 1987). Habitat loss,
resulting from adverse water quality aﬁd chemical contaminants,
has recently been suspected in reducing several Chesapeake Bay
fish species populations (Hendrey, 1987; Klauda and Bender,
1987) . |

Deterioration of spawning and nursery habitats of fish
species in Chesapeake Bay is a serious consideration when
attempting tc manage a species. Populations of anadromous and
resident fish species, including the white perch (Morone
americana), have drastically declined in recent yeafs (Hendrey,
1987; Klauda and Bender, 1987; Speir, 1987). White perch are
classified as freshwater to oligohaline (0.0 - 4.0 ppt) spawners
within tributaries of the Bay (Hardy 1978). Larval and juvenile
white perch are also inhabitants of freshwater and oligochaline
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environments. The early life history of white perch results in
the exposure of eggs, larvae and juveniles to potentially toxic
conditions present within the Chesapeake Bay and associated
tributaries. Efforts should be increased in an attempt to
identify adverse conditions associated with the reduction of
white perch if adequate management plans are to be implemented in
the future. Synthesis of the data can also be used to identify
suitable habitat requirements.

This document was developed to provide a compilation and
review of both water quality and contaminants data on various
life stages of white perch. Data contained in this document will
be useful in the Toxics Reduction Strategy for the Chesapeake Bay
Program effort. A life history and eéology section on white
perch will be prepared by other investigators and merged with

this document to provide a complete review on the species.

TOXIC WATER QUALITY CONDITIONS

Toxic water quality conditions adversely affecting various
life stages of white perch are presented in Table 1. Each

parameter is discussed separately in the following sections.

Temperature

The effects of temperature on white perch eggs were
examined in five different studies. The optimum temperature for
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white perch egg hatching was 14.1 C at a salinity of 0 ppt
(Morgan and Rasin, 1982). Hardy (1978) indicated that hatching
occurred in 24 h between 16 - 20 C, while 144 h were required
between 11 - 16 C. -Hardy (1978) also reported ambient water
temperatures below 10 C caused significant mortality, while
Ecological Analysts (1978) reported normal hatching occurred at
30.5 C. AuClair (1960) and Hardy (1978) reported that
temperature drops of 4 - 5 C were lethal to developing eggs,
while sudden drops of 2 - 3 C were sufficient to cause egg
mortality. No significant effect on hatching success was
observed when white perch eggs, acclimated at 13.5 - 14.5 C, were
exposed to temperature increases of 6 - 10 C for <1 h.(Schubel,
1974).

Two studies have evaluated the effects of temperature on
larval white perch. Maximum length of white perch larva at
hatch occurred at 18 C when acclimated over a temperature range
of 8 - 26 C (Morgan and Rasin, 1982). Ecological Analysts (1978)
reported a 24 h TL50 range of 30.2 - 31.8 C when acclimated at
24 C.

Temperature effects on juvenile white perch were examined in
four different studies. Ecological Analysts (1978) reported that
YOY white perch exhibited a preferred temperature of 31.2 C when
acclimated at 24 C. Hall et al. (1979) reported that juveniles
acclimated between 6 - 33 C exhibited final temperature
preferences between 15.2 - 31.0 C. A 14 d TL50 temperatufe of
33.8 C, and a 96 h TL50 temperature range of 32.4 - 34.7 C, were
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reported for early juveniles acclimated to 24 C (Ecological
Analysts, 1978). Dorfman and Westman (1970) indicated 80%
survival of juveniles exposed to 30.6 C for 24 h after exposure
for three days to increasing temperatures beginning at 20 C.
They also reported a critical thermal maximum (CTM) temperature
of 36.4 C, which was dependent upon acclimation temperature.
Marcy (1976) collected young-of-the-year (YOY) white perch in
water ranging from 5.7 - 40 C.

Ten studies have examined the effects of temperature on
adult white perch. Terpin et al. (1977) utilizied vertical
temperature preference studies to determine final temperature
preferences of adult white perch. They reported that adults
acclimated at 5, 8 and 10 C in 26.5 - 27 ppt salinity preferred
23, 22.8 and 21.5 C, respectively. A summer maximum preferred
temperature of 32.2 C for adult perch in 4 - 9 ppt salinity from
the Delaware River was reported by Meldrim and Gift (1971). A
preferred temperature of 27.8 C was exhibited by adult white
perch from the Hudson River (Ecological Analysts, 1978). Hall
et al. (1978)‘reported that significant differences existed in
final temperature preferenda amoung age-0 white perch populations
from North Carolina, Maryland, and New Jersey. Adult white perch
from the Hudson River avoided temperatures < 9.5C and > 34.5 C
(Texas Instruments, 1976), while an upper avoidance temperature
of 32 C was reported for adult perch in New Jersey Bay (Gift and
Westman, 1971). McErlean and Brinkley (1971), Meldrim and Gift
(1971),‘Meldrim et al. (1974) and PSE&G (1978) reported that
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upper lethal temperatures varied as a result of acclimation
temperatures. Texas Instruments (1976) and Ecological Analysts
(1978) reported a 96 h LC50. range of 32 - 35 C for adult white
perch. Gift and Westman (1971) reported a CTM temperatﬁre of
37.6 C. Exposure to a temperature increase of > 9 C for > 15 min
caused mortality in adult white perch acclimated to temperatures
between 15.5 - 26.7 C (Meldrim and Gift, 1971), while a 20 C
decrease in temperature resulted in total mortality for adults
acclimated to 26 C (PSE&G, 1978). Burton (1979) indicated adult
white perch ventilation rates increased with increased ambient
temperature. Meldrim et al. (1974) determined that temperature,
and not salinity or body length, contributed significantly to

estimates of active and inactive metabolism in adult white perch.

Salinity

Few studies have examined the effects of salinity on wvarious
life stages of white perch. Only one experiment examined the
effect of salinity on white perch eggs. Morgan and Rasin (1982)
indicated that mean egg diameter was inversely related to
salinity. They also reported eggs tolerate a salinity range of 0
- 10 ppt when exposed to temperatures of 8 - 26 C.

White perch larvae and juveniles inhabited a salinity range
of 0 - 8 ppt, while the majority of larvae and juveniles
preferred salinities < 1.5 ppt and < 3 ppt, respectively (Stanley
and Danie, 1983). Both larval and juvenile white perch life
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stages have been collected in waters with up to 13 ppt salinity
(Staniey and Danie, 1983).

A normal salinity range for adults of 5 - 18 ppt was
reported in Stanley and Danie (1983). It was also reported that

spawning occurs at salinities < 4.2 ppt (Hardy, 1978).

Dissolved Oxygen

Only two studies have examined the effects of low dissolved
oxygen (D.O.) on white perch YOY and adults. Dorfman and Westman
(1970) reported 60% survival for YOY white perch when exposed to
D.0. concentrations of 0.5 - 1.0 mg/L for 19 h over a
temperature range of 6.7 - 28.3 C. Adult white perch avoided
waters with < 35% saturation of oxygen over a temperature range

of 8 - 21 ¢ (Meldrim et al., 1974).

B

A paucity of information exists concérning the effects of pH
on various life stages of white perch. Klauda (1989) reported
that laboratory and field data concerning the tolerance of white
perch early life stages was lacking. However, he proposed that
reproductive success of white perch would be significantly
reduced if an acid pulse of pH 6.5 - 6.7, in association with a
total monomeric aluminum concentration of 25 ug/L and dissolved
calcium levels of 2 mg/L, continued for 7 d. Klauda (1989) also
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suggested that short duration ( < 48 h) acidic pulses to pH 6.0
could severly impact survival of white perch larvae. Stanley and
Danie (1983) assumed that adult white perch tolerate a pH range

of 6.0 - 9.0.

Suspended Solids

The effects of suspended solids on white perch eggs were
examined in four studies. Morgan et al. (1983) reported that
hatching success was not significantly affected when eggs were
exposed for 12 h to concentrations < 5250 mg/L, however, hatching
was delayed 24 h at a concentration of 5250 mg/L. Schubel and
Wang (1973) reported suspended sediment concentrations as low as
100 and 500 mg/L caused hatching delays of 4 - 6 h. Auld and
Schubel (1974), using unreplicated data, reported continuous
exposure at a concentration of 1000 mg/L natural fine-grained
sediment significantly reduced hatching success. It was reported
in Schubel et al. (1977) that deposition of sediment on white
perch eggs was more important than suspended sediment
concentration. They reported 100% mortality when eggs were
covered with a 1.1 mm layer of sediment on top of the eggs.

They also reported no significant reductioh in hatching success
when a sediment layer (0.45 mm) less than one-half egg diameter
was deposited around eggs.

Two studies were conducted on the deleterious effects of
suspended solids to white perch larvae. Morgan et al. (1973,
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1983) reported 24 h and 48 h LC50 values of 67,000 mg/L and 6,900
mg/L, respectively.

Oonly one study examined the effects of suspended sediments
on juvenile white perch. Auld and Schubel (1974) indicated that

concentrations of suspended solids >

500 mg/L significantly
reduced survival of juvenile white perch.

McInnich and Hocutt (1987) examined the response of adult
white perch to strobe lights and bubble curtains in varying
levels of turbidity. They reported only 40% avoidance to strobe
lights at high turbidity (102 - 138 NTU). White perch avoided
bubble curtains at low turbidity (45 NTU) but were attracted in

clear and high turbidity conditions.

Shear

The effects of shear forces on white perch eggs and larvae
were investigated in one study. Morgan et al. (1976) stated that
shear stress can cause mortality of eggs and larvae by creating
excess rotation or deformation. They reported that LS50 (median
lethal shear that would kill 50% of test animals in a given time
period) values calculated from time-shear exposure experiments
were much greater than those present within the Chesapeake and
Delaware canal. They also indicated the magnitude of shear force
required to cause significaht mortality is only present within a

very thin boundary layer (20 mm).
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TOXICITY TO SINGLE CONTAMINANTS

Toxicity data for white perch egg, larval and adult life
stages exposed to nine different single chemicals are presented
in Table 2. Two studies have examined the deleterious effects of
total residual chlorine (TRC) on white perch eggs. Morgan and
Prince (1977) reported a 76 h LC50 value of 0.27 mg/L TRC for
white perch eggs maintained at 15 C in 2.5 ppt salinity. Later,
Morgan and Prince (1978) reported that egg development ceased at
the early embryo stage when exposed to 0.55 mg/L TRC at 15AC in
2.5 ppt salinity.

Six studies examined the effects of larval white perch
exposed to chlorine. When comparing chlorine toxicity data, the
terms total residual chlorine (TRC), chlorine produced oxidants
(CPO), and total residual oxidants (TRO) are equivalent. A 24 h
1c50 value of 0.31 mg/L TRC for white perch larvae maintained at
15 C in 2.5 ppt salinity was reported by Morgan and Prince
(1977). 1In another study, Morgan and Prince (1978) indicated
that length of larvae at hatch decreased with increasing TRC
concentrations, and reported that length of larvae at hatch was
significantly less (2.5 - 5.5%) than the length of control larvae
at concentrations > 0.10 mg/L TRC. Burton et al. (1979), and
Hall et al. (1979; 1983) reported that mortality of larval white
perch was a function of TRC and exposure duration. They also
reported that temperature changes < 10 C above an acclimation
temperature of 18 C in 0.5 - 2.5 ppt salinity for < 4 h did not
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affect survival of larval white perch. Hall et al. (1981) later
reported that larvae acclimated at 23 C exhibited greater
mortality at all treatment conditions than larvae acclimated at
15 C. They concluded the changing temperature effect resulted
from an increased observation period (36 - 96 h).

Rehwolt et al. (1971) examined the effects of three heavy
metal ions to adult white perch acclimated at 17 c. Adult perch
were twice as sensitive to copper (96 h TL50 = 6.2 mg/L) as they
were to either nickel or zinc (96 h TL50 = 13.6 and 14.3 mg/L,
respectively).

Rehwolt et al. (1974) examined the toxic effects of No. 2
and 4 fuel oils, an oil collection agent, a dispersant, and
mixtures of each to adult white perch. The toxicity of the
dispersant (96 h’TLSO = 4.2 mg/L) was 8 - 9 times greater than
the toxicity of either fuel o0il (96 h TL50 values ranged from 31
- 37 mg/L), whiie the o0il collecting agent was not toxic to perch
(96 h TL50 > 500 mg/L). Toxicity of the fuel oils increased

greatly when the dispersant was added, which was due to partial

'solubilization of the oils (96 h TL50 ranged from 1.0 - 1.4

mg/L). Fuel oil toxicities were not significantly affected by
the addition of the collecting agent.

Meldrim et al. (1981) reported that total chlorine was more
toxic to adult white perch in salt water (1 ppt) at 14.5 C than
in freshwater at 11 - 26 C. Ninety=-six h LC50 values were 0.10
mg/L in saltwater and 0.61 - 0.87 mg/L in freshwater.
Cénversely, ozone was more toxic to adult white perch in
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freshwater at 11 - 27 C (96 h LC50 = 0.22 - 0.37 mg/L) than in
saltwater (1 ppt) at 14.5 C (96 h LC50 > 0.66 mg/L). Meldrim et
al. (1981) also reported that avoidance responses and
physiographic studies (coﬁgh responses) were consistant with
trends observed in the acute toxicity experiments. A 24 h TL50
value of 2.8 mg/L total chlorine was reported by Lauers (1973)
when he exposed adult white perch to a single 2 h dose of NaOCl
under static conditions.

PSE&G (1978) reported a 96 h TL50 value of 0.22 mg/L TRC for
adult white perch acclimated at 16.7 C and 2.7 ppt salinity, and
an avoidance concentration mean of 0.21 mg/L TRC for adult perch
tested at 4 - 28 C and 0 - 8 ppt salinity. Gullans (1977)
reported 96 h LC50 values for CPO of 0.21 and 0.15 mg/L for adult
white perch acclimated at 15 and 25 C, respectively. Block
(1977) and Block et al. (1977) examined the physiological effects
of CPO on adult perch in freshwater at 14 - 16 C. After 0.5 h
exposure to a concentration of 1.3 mg/L CPO, Block et al. (1977)
reported that blood pH decreased from 7.5 to 7.0, and gill
carbonic anhydrase and hematocrit increased 76% and 106%,
respectively. Block et al. (1978) also reported that in a saline
environment (13.6 ppt) blood pH decreased from 7.6 to 6.8 and
hematocrit decreased 14%.

Meldrim et al. (1974) reported an inverse relationship
between temperature and concentration of Free Residual Chlorine
(FRC) required to bring about an avoidance response by adult
white perch. A similar relationship was observed between
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salinity and concentration of FRC. PSE&G (1978) indicated that
an inverse relationship existed between the percentage of FRC in
chlorine and the concentration of total chlorine required to
bring about an avoidance response.

Meldrim and Flava (1977) examined the avoidance response of
adult white perch to TRO, and TRO with a temperature increase of
2 - 3 C, in fresh and saline waters (0 - 7 ppt) at temperatures
of 0 = 27 C. He reported adult perch were more sensitive to TRO
with a 2 - 3 C temperature change when ambient water temperatures
were 0 - 12 C. Conversely, adult perch were more sensitive to
the concentration of TRO, and less sensitive to a temperature
change, when ambient water temperatures.ranged from 13 - 27 C.

Rosenkranz et al. (1978) and Richardson et al. (1983)
repofted similar 96 h LC50 values (0.20 - 0.22 mg/L) of ozone
produced oxidants (OPO) for adult white perch. In both of these
studies histological changes were observed on gill surfaces
within 24 h of exposure to concentrations > 0.01 mg/L OPO. 1In
addition, Richardson et al. (1983) indicated that blood pH'was
significantly reduced at OPO concentrations > 0.15 mg/L and that

hematocrit significantly increased when OPO concentrations > 0.10

mg/L.

Contaminated harbor water

One experiment examined the sublethal effects of chemicals
present within a specific body of water on adult white perch
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(Table 3). Morgan et al. (1973b) examined the sublethal effects
of Baltimore harbor water on adult white perch by exposing them
for 30 days in 25 C harbor water at 5 ppt sélinity. Sublethal
physiological effects to adult perch included increased l;vels of
thrombocytes, and decreased neutrophil and basolphil levels.
Biochemical effects included changes in lactate dehydrogenase
(LDH) , acetylcholinesterase, and catalase 1evéls. Increased LDH
activity in white perch blood serum was in response to poor water
quality. Organophosphorous pesticides were responsible for the
reduced acetylcholinesterase activity within white perch brains,'
while liver damage from metal ions resulted in decreased catalase

levels.

CONCIUSIONS

1. Populations of white perch have dramatically declined within
the Chesapeake Bay in recent years. White perch spawn in
fresh water and oligohaline (0.5 - 4.0 ppt) tributaries of
the Bay, while larval and juvenile stages also inhabit
similar environments. Early life history stages of this
species are thus exposed to potentially toxic conditions

within the Chesapeake Bay and associated tributaries.

2. The optimum hatching temperéture for white perch eggs is 14.1
C at 0 ppt salinity. Maximum length at hatch for larvae
occurred at 18 C when acclimated over a temperature range of
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8 - 26 C. Aitemperature of 31.2 C was preferred by juveniles
acclimated at 24 C. A critical thermal maximum temperature
of 36.4 C was reported for juveniles, but this value was
dependent upon acclimation temperature. Significant
differences in final temperature preferenda were observed for
geographically separated populations of age-0 white perch
along the mid-Atlantic coast. Adult white perch avoided

temperatures < 9.5 C and > 34.5 C.

White perch eggs tolerate a salinity range of 0 - 10 ppt when
exposed to a temperature range of 8 - 26 C. Larval and
juvenile perch prefer salinities of < 1.5 and < 3 ppt,
respectively. Adults exhibit a natural preference for
salinity ranging from 5 -18 ppt, while spawing occurs in

salinities < 4.2 ppt.

Age-0 white perch survived (60%) for 19 h after exposure to
dissolved oxygen concentrations of 0.5 - 1.0 mg/L at 6.7 -
28.3 C. Adults avoided waters with < 35% saturation of

dissolved oxygen.

It was suggested that a short-duration (< 48 h) acidic pulse
to pH 6.0 could significantly reduce survival of white perch
larvae. Adult white perch presumably can tolerate a pH range

of 6.0 - 9.0.

14
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Concentrations of 100 and 500 mg/L suspended solids delayed
hatching of white perch eggs 4 = 6 h. A 48 h LC50 value of

6900 mg/L was reported for larvae, while concentrations > 500

mg/L significantly reduced survival of juveniles.

Toxicity data were available for various life stages of white
perch exposed to nine single chemicals. A 76 h LC50 value

of 0.27 mg/L total residual chlorine (TRC) was reported for
white perch eggs. Egg develobment ceased when exposed to a
concentration of 0.55 mg/L TRC. A 24 h LC50 value of 0.31
mg/L TRC was reported for larval white perch. Ninety-six h
1C50 values of 0.22 mg/L chlorine produced oxidants (CPO) and
0.15 mg/L CPO were reported for adult perch acclimated at 15
and 25 C, respectively. 1In addition, the length of

observation period (36 - 96 h) affected LC50 values.

Total chlorine was more toxic to adult white perch in
saltwater than in freshwater. A 24 h LC50 value of 2.8 mg/L

total chlorine was réported.

As temperature increases, the concentration of free residual
chlorine (FRC) required to bring about an avoidance response
in adult white perch decreased. A similar relationship

existed between salinity levels and FRC concentrations.

Adult white perch were more sensitive to total residual
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oxidants (TRO) with a 2 - 3 C temperature increase over a
tenmperature range of 0 - 12 C. Conversely, at temperatures
of 13 -~ 27 C, adult perch were less sensitive to TRO with a
temperature increase and more sensitive to the TRO

concentration.

11. Ozone was more toxic to adult white perch in freshwater
than in saltwater. ©Ninety-six h LC50 values of 0.20 - 0.22
mg/L of ozone produced oxidants were reported for adult white

perch.
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